INTRODUCTION
CHIRONOMUS STIGMATERUS Say (Diptera: Chironomidae) is a frequent component of the midge fauna in standing water throughout most of the south-western United States. The species is morphologically uniform over this entire region (James Sublette, pers. comm.). However, cytological investigations have indicated an underlying genetic complexity suggesting, at least, intraspecific divergence between forms in California and in Texas and New Mexico.
The salivary gland polytene chromosomes of C. stigmaterus were first described by Martin and Wulker (1974) who found only two inversions in material from California while seven inversions occurred at localities in Texas and New Mexico. Hilburn (1974) made a more extensive examination of chromosomal variation in populations from Texas and New Mexico confirming these authors' suggestion of considerable chromosomal heterogeneity in populations of this area. These data suggested genetic differentiation between a chromosomally uniform race in California and a more polymorphic form in the centre of the species range.
While the occurrence of chromosomal heterogeneity in a species of insects is not unusual, the dichotomous pattern of inversion heterozygosities 219 described in C. stigmaterus has not been observed in other species occurring in the south-western United States (cf. Drosophila pseudoobscura, reviewed by Dobzhansky, 1970; and Glyptotendipes barbipes, Martin and Porter, 1973; Hilburn and Atchley, 1976 ) except where such a pattern was accompanied by other evidence of intraspecific divergence (e.g. Drosophila mojavensis, Mettler, 1963; Zuoros, 1973; Richardson, et al., 1977) . Since fixation of inverted chromosomal sequences often has accompanied speciation in the genus Chironomus (Keyl, 1962) , C. stigmaterus seemed to offer an ideal opportunity to examine the population genetics of a species undergoing the early stages of divergence.
In this paper the genetic variability in populations of C. stiginaterus from the south-western United States is examined as a measure of the degree of divergence between the two taxa, and answers to the following questions are sought: (1) Are the two cytologically different taxa geographically isolated? (2) What is the nature of chromosomal variability in any intervening contact zone, i.e. intergradation, parapatry, etc.? (3) Do the differences in chromosomal heterogeneity reflect intraspecific divergence as measured by other methods of genetic analysis?
MATERIALS AND METHODS
In order to examine the cytogenetic variability of C. stigmaterus in the south-western United States, an extensive collecting trip was made through the states of Texas, New Mexico, Arizona, Nevada, California, Colorado, Kansas, and Oklahoma during the summer of 1975. As many possible chironomid localities as could be located were sampled. During this survey, no C. stigmaterus were found in the northern portion of the study area, suggesting that if a zone of contact existed between the two cytogenetic taxa it probably was in southern Arizona or Mexico. Therefore, in 1976 an intensive collecting effort was made between Lordsburg, New Mexico, and Palm Springs, California. In addition, an attempt was made to locate C. stigmaterus at more localities in northern California and in eastern Texas.
Localities with large populations of C. stigmaterus are listed in table 1 and shown in fig. I . Included in table I are the date each site was sampled and the number of individuals of each sex examined cytologically. For completeness, the most important data reported in Hilburn (1974) are repeated here.
All samples were taken as larvae using a dip net. Larvae were removed from the sediment and washed in clear water. Collections made in 1973 and 1975 were then dried on paper towelling and placed into 3 : 1 ethanol acetic acid fixative. Larvae taken in 1976 were divided into groups of 20 after being washed and dried and then placed in small plastic vials and stored in liquid nitrogen to be used for both cytogenetic and electrophoretic analyses (Hilburn, 1979) .
Salivary gland squashes were prepared using lactic-propionic orcein stain. The identities of the polytene banding sequences were determined by comparison with previously published photographs of known chromosomal sequences in C. stiginaterus (Hilburn, 1974; Martin and Wulker, 1974) . Gametic frequencies were calculated for all sequences observed (tables 3-4), and it is these gametic frequencies that are used in the statistical analyses.
The karyotype of C. stigmaterus is composed of three pairs of metacentric and a pair of acrocentric chromosomes. In the salivary glands the chromosomal homologues are tightly synapsed, making it easy to recognise rearrangements. A thick band of centromeric heterochromatin divides each metacentric chromosome into two easily discernible arms. Using the nomenclature introduced by Keyl (1962) to standardise the naming of sequences in species of the genus Chironomus, the following are the most commonly encountered sequences in C. stigmaterus: chromosome I: arms A2 and B1; chromosome II: arms C1 and D1; chromosome III: arms E1 and F1 in females, arms E1 and F1/F2 in males; chromosome IV: arm G1. For convenience, this combination of arm sequences will be referred to as the standard karyotype.
Although rearrangements were found in all arms of the karyotype of C. stigmaterus, most were observed only in single heterozygotes in one sample. With the exceptions of A3, which was a deletion, and G7, a duplication, observed rearrangements were paracentric inversions. Figs. 2-5 present the most common sequences of each arm and the extent of the less frequent rearrangements. Localities at which the more common rearrangements were found are listed in tables 2-4; those for rearrangements found in a single sample are presented in the legends to the figures.
The eight populations in California were almost all monomorphic for the standard karyotype thus confirming the previous studies. Only nine of the 1088 larvae examined bore rearrangements, excluding F2 which is Fio. 1.-Collection sites for C. stigmaterus in the south-western United States. Locality codes refer to table 1. heterozygous in all males. The six inversions from these larvae were all observed as heterozygotes from the Palm Springs population. Samples from Texas and New Mexico contained 20 inversions, of which eight were found in more than one sample. In no population from this area were fewer than four rearrangements assorting, again without including the sex-linked F2. Statistical analyses were performed to examine the quantitative characteristics of temporal and geographic variation in the polymorphisms of these sequences.
The three major sequences of arm A, the two of arm C, and the six of arm G were tested for differences in frequency between the sexes. A chisquare contingency table (Sokal and Rohlf, 1969) independent of the sex of the larva bearing the combination. In all populations, the genotypes at these three arms were independent of the sex of the larva. On the other hand, the sequence F2 is sex-linked. All females examined were homozygous for F1, all males were F1/F2 heterozygotes. No homozygous F2 individuals were observed. All subsequent statistical tests were performed with the data for the two sexes pooled. The 23 samples from Texas and New Mexico were tested to determine if the sequences occurred in Hardy-Weinberg equilibrium, using a chisquare goodness of fit test. The only statistically significant result (P < 0.001) was obtained for the sequences of arm C in the 1973 sample from Bronte, Texas. Seventy-one individuals were homozygous for C1 and 66 were expected, while there were 11 heterozygotes compared to an expected number of 23.
The localities at which samples were taken more than once were tested using the chi-square contingency In addition to the differences between the monomorphic populations of California and the polymorphic ones of Texas and New Mexico, there was a significant geographic heterogeneity of the frequencies of the inversions in arms A, C, and G among the populations of the eastern region (P <0.001) as judged by use of a variance test for the homogeneity of the binomial distribution (Snedecor and Cochran, 1967) . The frequency of A1 was high at Alamogordo, Roswell, and Austin and generally greater in the south than in the north. C5 was most frequent at Alamogordo and Roswell becoming less common by concentric steps until it virtually disappeared on both the eastern and western peripheries. G1, G2, and G6 occurred in all populations in the two states while G3 and G4 had high frequencies in samples from western sites and disappeared in the east and G5 was absent in the west but encountered frequently in east Texas. To consider simultaneously the frequency data for the inversions in all arms, in order to visualise the relationships between all populations in a multidimensional sense, a matrix of average distances was generated for the 31 temporal and geographic samples. These distances were then clustered using the unweighted pair-group and arithmetic averages (UPGMA) method of cluster analysis (Sneath and Sokal, 1973) . The resulting phenogram is presented as fig. 6 . Two major clusters were noted: one containing all the California populations and those samples taken along the southern periphery of Texas and New Mexico, the other consisting of the more central and northern Texas and New Mexico localities. Within the former cluster, similarities exist in the frequencies of the standard sequences, but the California populations were separable from those in the east using differences between the two taxa in the frequencies of the inversions in populations of the latter region. In the second cluster, Lubbock, Petersburg, and Marathon were similar due to the presence of A4 in these populations and the resemblances in the frequencies of the sequences of arm G. Temporal samples at a locality had distances less than 0 04 except at Alamogordo, differences in the frequencies of the inversions observed between the collection dates.
Discussion
A total of 28 rearrangements have been recorded for C. stigmaterus with at least one found in each arm. As was previously reported (Martin and Wulker, 1974) , samples from California are characterised by low levels of chromosomal heterogeneity. Six inversions were observed in the samples from Palm Springs, but occurred only as one or two heterozygotes each. Thus, even at this locality, polymorphisms were being maintained at a low frequency. The majority of the rearrangements were found in samples from Texas and New Mexico. Only nine of these were observed in more than a single heterozygous larva from a single population. However, every popul- .20
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.05 0 ation in these two states had between three and nine inversions present in stable polymorphisms. The stability of these polymorphisms is reflected in the absence of statistically significant heterogeneity in the frequencies of the inversions. Only one population exhibited departures from HardyWeinberg equilibrium and only three had significant changes in inversion frequency with time. These data suggest that there may well be a genetic dichotomy between the California and Texas populations. However, the pattern in the distributions of the inversions in C. stigmaterus superficially resembles the well studied cases of Drosophila robusta (Carson, 1958) Similarities between the inversion frequencies of the California populations and those of the peripheral localities of Texas and New Mexico, reflected by their clustering together in the phenogram, make it difficult to use these chromosomal data as evidence for intraspecific divergence. Extrapolation to the west of the pattern in the distributions of the observed inversions indicates that one need not postulate restricted gene flow between the two taxa to account for the absence of inversions in California. As in Drosophila, the differences in chromosomal composition may result from ecological gradients which restrict the distributions of the inversions without completely barring gene flow. Thus the dichotomy in inversion heterozygosities in C. stigmaterus may not be a manifestation of either geographic separation or genetic divergence.
In this regard, collection data may be deceptive, also. Extensive collecting in Arizona did not yield a single collection of C. stigmaterus between Lordsburg, New Mexico, and Blythe, California, suggesting that the two segments of the range of this species are allopatric. However, this fact does not preclude the possibility that a zone of contact may exist outside the survey area, nor does it guarantee that migration does not occur between the two geographic regions.
In conjunction with the cytogenetic analyses performed on material collected in 1976, electrophoresis was used to obtain a more critical estimate of genetic variability in C. stigmaterus in the south-west (Hilburn, 1979) . Of 23 loci examined, five had very different allele frequencies in the two cytogenetic taxa, clearly suggesting substantial genic differentiation.
Data obtained from the sample obtained at Palm Springs, California, is interesting in determining the amount of divergence which has occurred between the two taxa. At the five loci having marked intertaxa differences alleles were present in this population which otherwise were observed only in material from Texas and New Mexico. Moreover, the frequencies of the alleles at these loci more closely resembled the frequencies of the alleles in the estern taxon than those in other California populations. Despite these genic similarities, none of the inversions observed in material from Texas and New Mexico occurred at Palm Springs.
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These data suggest that genetic divergence has occurred between the taxa, but apparently not to the extent necessary to prevent gene flow. Introgression has occurred in southern California, but the total genetic backgrounds of the two taxa are sufficiently different to make establishment of polymorphisms of migrant inversions disadvantageous and, thereby, to maintain the dichotomy in the inversion heterozygosities which distinguishes them.
